A viscous starter solution for shuttle flow field computations by Li, C. P. & Goodrich, W. D.
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IELD DESCRIPTION
(Figure 2)
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SPACE SHUTTLE TRAJECTORY
(Figure 3)
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 \I0
TfGfda•rHrHCOGoG
d to take into account the ideal gas and the equilibriumCDCO3cn•Hr— (CDOgcnfdCnCDrHQ
.
g•rHCO
ition, the bulk viscosity is taken to be identically zero"d•dcH.cnCD
•rH4-J}_(CDpt
0narH•rHid
ymmetric flows are considered.CO
•rHxid'dcCDGrHp
.
^
1
HG0'dcfd
CDidooCOCDX!•P0CDCn•d0CD•HCD•PCDCO0rH0CDCO•H0•HCDrHidCo•H4-J(d.p3Q<gOO<D(-]EH
1CD•dG•HO•pCDtoCDCrdG0MCD04-)Gid4-1CDCOmOcn•HXfdCD4J^i^'doX}Q)r]4->
CDx:-p•H0rHCnfd4->oQ)fdo4->•rHco•rHCnd)d)X!•pCOag4-1fdX!4->•dCDo1-pG•rHcn•HCOCDH•9•HLifd£>-pGCD•dGCDa
llel to each other. Further mappings are used to placeidMidaJX|
rd0X)0X!4->•dpjfdr yOOX!CO
0XiEHfdrHrHtd•H-pc0Goa0fd04->CnG•HOooid•doxj04->4JG0Ofd•n•didcn-PG•HOaX!CO0g0rHOg
3idG-HMOOO0G0OXJ•poXI•HCO0•HrH•d0oidacnrHgo•HUH0to4JCO•HCOgUx:100grHidg•H•4H
ow variables are chosen as the pressure, the velocityHm4JG0G0a0•d0X!•CO0Xfd
ropy to suit the Mollier chart for air. More details4JC00X!-P'dGfd»CO•pG0G0ag0rj
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n to carry out computations of a viscous flow0)-P-P
-HJ_l[3CO(0|^0)•d00M(U-pftg0o<^3
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gOo0)X!
 
•
H-lGOCO
M-4OCQ-PUlitM 10)X!EHo0OOVo-pQ)gCn•HCOCO(0CO(0j3Q)rj-PmQ)ft0)-prHrH(0[5Q)X!EH
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totic solutions were found after 500 time stepsftgCO<010)g
-H-PrH0-p0)CnrH(UG^Or_j.£o•H•P
1108 system. Oscillations of the temperatureu<>H0)4J£j0CQQ)-P3G•HgvoHCJ 1G•HCO3
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d the cooled body surface. This suggests thatrH(0[5o-PCO-PG•HOftX!CO0)g0).pCnG•HN(U0)3O 1CO
y provide useful results without resorting to a(0g0)3U 1
•HGx:o0)-pG0)-dG0)ftd)1(1)g•H•P0)4J
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D OTHER THEORIES
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d skin friction coefficients fordtorHCDMHCOtO-^1-pH-)mCD
X!CDdg5CD-P13O•PCQ-pdCDg•H}_|CDaW
thin boundary layer are difficultCD
£dto£C^DX!-pOCQCDg•HCT
*
CDS-4CD
5d•HCQOHMH!>iT!0Q1•PHX)
ed some question concerning theCQ
•rH*COfO
r^OrHH->•H1  1J>l
X
I4JCOCD•PH->dQ)OCDrH•CDOM10OCOrpjd(0
i•HMHCDOOO-PO•HMMHd-rHCQ(DtP•H-p0•H13CDft£j•H13(DCQ3CQCDcr•Hdr c{uCDTJ(0CD•PCQ0)4JMHOO(0)_l3OUtO
r computed values differ from those3o.•P•rH0fto
-H-p(0dtPH->COCDrj-PO•PCDCO
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0CQ-Pd-HO
HrHCDCDCDCDMCPtoCDH->CDCD0CD13-P
•rHdtPfOgMHOrHCD•drHOdtO^1rHHtoCDdr*1XICQCD•HrHoCD_r*4JMCDr;4J0MHO
fOCDCDEH-Pd•Hoo•H10d0^fljH->CQCD•p0-P13CD-PtoH010M-PCDCPd-HCDX}(0-PtO'drH104JdCDg•rlrHCDftXCDCDX!•PXl•P•HS
, however, is quite close to the0oomll8CDtf4J(0
13(Ud•rHtO-pXIoKC_)_pdCD•HO•rHMHMHCDOOXrjHMH
13CDrH10Eo-podCDVH<urHS•Hd•HCD4->dCDCQCDrHCQH->rHCQCDrHrHCDX!4J0rH(0rHCDCDCO>irHOCDx;•P-PdCDrHrHO
r computed results obtained withrjO,CQCD•H!H0CD
5rHCD4J0rH0CQ4JdCDg•rHrHCDftCDrHCD5•HCDr]4J-H5
OMHCD-PrHOO10H•&•HX!CQ13CDCD
-HCDx>4JOddo>_iCDrHVOoX!CQCDrj4JCQCQOrHOtOCQ-Pd•r)0x;COCDgoCN
the results available from otherVrHCD0CDrHJ>JCD
-rHtPCDrHrHCD10rH>1Vi(0pjj3OXICD4Jd•HCOuorHMH
ose region to warrant a meaningfuldCD•Bd•HCQrH-H104JCDUCDMHO04J-dCD•d•tHO^rHftCD>tOX!CQCDOM30CO
the present formulation cannot beMHootorH3OOmCD
X!•CO-prH3COCDMrH3Oi3•rHUdoCQ•HrHfOftgOo
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sophisticated formulation is beingTfSHids_iCUd(UtjicuMOgidN.dO•rH•Pid3D 1Q)COQ)0•Pw1>-l0)•rli^d2
phenomena neglected in the present•HQ•HrH•Hrjtj 1(UG0CUX!4->COJ_JCU•d•HCOG0O-Pfd•dcuftoH0<u
cal reactions and a vibrational•Hg0)X!OCU•pfdj_ii0)•HG••HMHX!-PO•£*iTJ-PCO^ rH«4HCO3OoCO•H>
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heat fluxes. This formulation usescuUid<4HrHCOCUX!•pCO4JOCUII 1ll 1idi^4-1•HU!>irHid-pidoCUofdMHJ-ldCOCUrj•P
written on a curvilinear coordinateCOdo
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ed by the present Cartesian coordi-j^orHrH(dCO•HGidrj4JG0•Htn(UM0)COOfjO-HdoCO•iCO(UXi4Jg0MH
friction and heat flux coefficientsd
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